Administrative claims data from a commercial insurance database were analyzed to evaluate differences in rates of outpatient office visits during the year after completion of 4 chemotherapy regimens for early stage breast cancer. Combined anthracycline/taxane was associated with more frequent office visits than docetaxelcyclophosphamide or doxorubicin-cyclophosphamide, possibly because of greater long-term toxicities. Primary care visits were infrequent. Background: Treatment-related toxicity can vary substantially between chemotherapy regimens. In this study we evaluated the frequency of outpatient office visits among a cohort of early stage breast cancer survivors after completion of 4 different adjuvant chemotherapy regimens to better understand how differences in toxicities between regimens might affect health care use. Materials and Methods: We analyzed administrative claims data from a US commercial insurance database (OptumLabs) to identify women who received adjuvant doxorubicin/cyclophosphamide (AC), AC followed or preceded by docetaxel or paclitaxel (AC-T), AC concurrent with docetaxel or paclitaxel (TAC), or docetaxel/cyclophosphamide (TC) between 2008 and 2014. We compared mean numbers of visits per patient (adjusted for age, race/ethnicity, region, year, surgery type, radiation, chronic conditions, and previous hospitalizations) across the different regimens (TC ¼ reference) for 12 months, starting 4 months after the end of chemotherapy. Results: In 6247 eligible patients, the mean adjusted number of outpatient visits per patient was significantly higher in patients who received AC-T (8.1) or TAC (7.3) than TC (6.5) or AC (6.0; P < .001 for comparisons of AC-T and TAC with TC), primarily because of differences in Medical Oncology visits. Approximately 40% did not see a primary care provider at all during this time frame. Conclusions: AC-T and TAC are associated with more subsequent outpatient visits than TC. Visits to primary care providers are infrequent during the year after completion of chemotherapy.
Introduction
Breast cancer is the most prevalent cancer among women, with an estimated 252,710 new cases in 2017 and more than 3.3 million breast cancer survivors currently in the United States. 1 Early stage breast cancer is treated with surgical resection with or without radiation therapy, chemotherapy, and/or endocrine therapy in an effort to reduce the risk of cancer recurrence. Eighty percent of breast cancers do not overexpress HER2/neu, a critical determinant of optimal systemic therapy. There are multiple chemotherapy regimens available for adjuvant treatment of HER2/neu-negative breast cancer, and preferred regimens vary according to geographic region, institution, and individual provider. Treatment-related complications can differ among these regimens, which might potentially affect health care use and quality of life during treatment and afterward. Previous studies have assessed hospitalization rates during and immediately after chemotherapy as a surrogate for treatment-related toxicity. [2] [3] [4] Barcenas et al 4 reported significantly higher rates of hospitalization in early stage breast cancer patients who received anthracycline-based chemotherapy than in those who received docetaxel/cyclophosphamide (TC), suggesting that TC carries less risk of acute severe toxicity. Similarly, in already-published work, our group reported higher adjusted rates of hospitalizations during the chemotherapy administration period among early stage breast cancer patients who received anthracycline-based chemotherapy compared with those who received TC. 5 There were no observed differences in emergency department visit frequency between these regimens. Outpatient visit frequency has been less well studied as a surrogate for toxicity, but Baena-Canada et al 6 included these types of visits in a composite end point of health care use during chemotherapy for breast cancer. These authors found that, among a small cohort (n ¼ 268) of breast cancer patients who received chemotherapy, nearly half required additional and unexpected health care visits (either in an outpatient clinic, emergency department, or hospital) and that many visits resulted from treatmentrelated toxicity.
Guidelines from the National Comprehensive Cancer Network recommend that patients be seen in follow-up for early stage breast cancer 1 to 4 times during the year after completion of chemotherapy and radiotherapy. 7 Data from a large Surveillance, Epidemiology, and End Results (SEER)-Medicare analysis of patients with early stage breast cancer older than age 65 showed that there is substantial variability in the types of providers participating in follow-up care of these patients, and that most patients (93%) continued to have routine follow-ups with their primary care providers during this period. 8 We aimed to investigate patterns of care in a mixed-age population and to compare recipients of different standard chemotherapies to expand upon this previous work.
Harnessing the data from a large US insurance claims database, we compared the outpatient health care use between recipients of 4 common adjuvant chemotherapy regimens during the year after chemotherapy completion among a cohort of early stage, HER2/ neu-negative breast cancer patients. Our hypothesis was that differences in long-term toxicities between regimens might affect health care use even after treatment completion.
Materials and Methods
We used administrative claims data from OptumLabs Data Warehouse 9 to conduct a retrospective analysis of outpatient office visits among a cohort of breast cancer survivors beginning 4 months after completion of adjuvant chemotherapy and continuing for 1 year. This database includes over 100 million privately insured and Medicare Advantage enrollees throughout the United States and contains professional, facility, and outpatient medication claims for individuals enrolled in the included health plans. 10 This analysis was exempt from Mayo Clinic Institutional Review Board approval because this study used a preexisting, deidentified data set. 9 
Patient Population
Women older than the age of 18 years with curatively treated breast cancer diagnosed between January 1, 2008 and December 31, 2014 were identified using a technique adapted from previous validated claims-based algorithms (Figure 1) 4, 196.9, 197.0, 197.3, 197.4, 197.6, 197.7, 197.8, 198.0, 198.2, 198.3, 198.4, 198.5, 198.6, 198.7, 198.82, 198.89, 199.0, 209.11, 209.20, 209 .30, 237.5, and 239.6) within 12 months before or 24 months after chemotherapy initiation were also excluded (n ¼ 21,196). Patients who received only 1 cycle of chemotherapy and those who received trastuzumab and/or other chemotherapy regimens during the 24 months after initiation of chemotherapy were excluded (n ¼ 7163). Continuous medical coverage was required for 12-months before and 16 months after completion of chemotherapy (n ¼ 916 excluded). In an effort to minimize capturing office visits for completion of radiation therapy, we started our year of follow-up 4 months after the last date of chemotherapy.
Outcome of Interest
The primary outcome of this analysis was the number of outpatient office visits, including visits in Family Medicine/Internal Medicine (primary care), Medical Oncology, and others (including surgical providers, radiation oncology, psychiatry, physical medicine and rehabilitation, gynecology, etc) during the 1-year period starting 4 months after the final dose of chemotherapy. Office visits were identified by restricting data to claims for which the place of service was reported as "office" and the HCPCS code was reported as either between 99,201 and 99,205 (new patients), or between 99,211 and 99,215 (established patients), or between 99,241 and 99,245 (office consultations). If patients had multiple visits on the same day to a given specialty, all were counted as 1 visit. Reasons for office visits were identified using ICD-9 codes and categorized according to the Agency for Healthcare Research and Quality's Clinical Classifications Software.
Control Variables
Patient demographic characteristics including age at diagnosis, race/ethnicity, year of chemotherapy initiation, geographic region, insurance type (commercial, Medicare Advantage), type of definitive surgery (lumpectomy, mastectomy, or lymph node dissection alone), reconstructive surgery (yes/no), hospitalization (yes/no) within 12 months before initiation of chemotherapy (not including breast cancer surgery), radiation therapy (yes/no) within 12 months of chemotherapy initiation, and number of comorbid conditions. Comorbid conditions were identified using ICD-9 codes during the 12 months preceding chemotherapy initiation and the total sum of comorbid conditions was grouped according to 0, 1, 2, 3, 4, or 5 conditions. This method has been used previously by Magnan, 13 which was adapted from a method previously reported by Hwang et al. 14 
Statistical Analysis
Negative binomial regression models were used to calculate the average number of office visits per patient during the 12-month follow-up period. These visit numbers were adjusted for age, race/ethnicity, region, year of chemotherapy initiation, surgery type, number of comorbid conditions, 13, 14 receipt of radiotherapy (within 12 months of chemotherapy initiation), and previous hospitalization. A Sidak correction for multiple comparisons was used such that P < .007 was considered statistically significant. Because reconstructive surgery was generally limited to those with mastectomy and some reconstructions occurred after the visits of interest, we performed a sensitivity analysis that focused only on patients who did not undergo reconstruction. All statistical analyses were performed using SAS software version 9.4 (SAS Institute Inc, Cary, NC) and Stata/MP version 14.2 (StataCorp, College Station, TX).
Results
A total of 6247 women were included in this analysis, with a mean age of 54 (range, 25-87) years at the time of chemotherapy initiation. Of the included patients, 248 received AC, 2123 received AC-T, 430 received TAC, and 3446 received TC. Table 1 shows demographic and clinical details, and distributions of office visits according to regimen are shown in Table 2 .
The adjusted mean number of office visits per patient in our study was lower among those who received TC (6.5) than AC-T (8.1; P < .001) or TAC (7.3; P < .001), with no statistically significant differences for the visit number after TC compared with AC Table 2 
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Clinical Breast Cancer August 2018 -e517 (6.0; P ¼ .021; Table 3 ). This finding seemed primarily driven by the difference in adjusted mean number of Medical Oncology visits. The mean number of Medical Oncology visits was 3.9 after AC-T (P < .001), 3.2 after TAC (P < .001), 2.5 after TC (reference), and 2.4 after AC (P ¼ .61). When women who underwent breast reconstruction were excluded, the average number of office visits per patient after AC decreased more (a 0.4 decrease to 5.6) than after the other regimens, such that the difference between AC and TC (6.4) was statistically significant (P ¼ .003; Table 3 ). Only 2% of patients had no office visits during the year of follow-up, but 41.7% did not see primary care at all during this timeframe. Primary care visit rates did not differ according to regimen, with an average adjusted number of 1.2 visits per patient. Breast cancer was the primary diagnosis billed for 66.9% of Medical Oncology visits, but only 5.5% of primary care visits. Hypertension, diabetes, and hyperlipidemia were other common primary diagnoses for primary care visits (accounting for 12.2%, 5.3%, and 5.2% of visits, respectively). See Table 4 for more details.
Discussion
Among a cohort of relatively young breast cancer survivors, the frequency of Medical Oncology office visits during the year after completion of chemotherapy varied according to chemotherapy regimen, with AC-T and TAC associated with more visits than TC and AC. These differences remained statistically significant, even after adjustment for a variety of other factors that might affect visit frequency. Our findings are consistent with data from Barcenas et al, 4 showing higher rates of hospitalization during AC-T and TAC. We suspect that greater outpatient health care use during and after AC-T and TAC might, in part, reflect a greater burden of toxicity among recipients of combined anthracycline and taxane therapy. Taxanes are known to produce long-term neuropathy in a substantial minority of patients 15 and anthracyclines can be cardiotoxic 16, 17 ; combination therapy might increase risk of a variety of short-and long-term side effects that negatively affect patients during and after treatment. 18 In addition, patients who received a taxane as well as an anthracycline might have had more advanced disease, leading patients or providers to prefer more frequent followup, although national guidelines do not recommend more frequent follow-up of patients with higher stages of curatively treated breast cancer. 7 Interestingly, when patients who underwent reconstruction were excluded from our analyses, outpatient visits were less frequent after AC than TC. This finding might be related to the fact that their toxicity profiles differ, 19 or it might reflect unmeasured differences in the characteristics of the patients who were treated with AC versus TC. Underuse of Medical Oncology care appears to be extremely rare, but approximately 2 in 5 patients did not see a primary care provider during the year after completion of adjuvant chemotherapy. The mean number of primary care visits we observed is substantially lower than those found in a recent analysis of visit frequency in an older SEER-Medicare population of breast cancer survivors, 8 possibly reflecting less use of primary care among younger patients. There is an ongoing national effort to transition Our study is limited by its retrospective nature and reliance on insurance claims-based methodology, which impairs our ability to fully appreciate the patient-and treatment-related factors that might affect the use of outpatient resources. Billing codes for specific toxicities might be underutilized such that it is difficult to tease out the true reasons for follow-up visits after cancer treatment. We did not have access to pathology or staging information, which might affect choice of treatment regimen as well as recurrence risk (which might drive visit frequency). We excluded patients who underwent subsequent surgical resections, those with metastatic diagnoses, and those who received alternative chemotherapy regimens, including HER2/neu-directed therapies, in an effort to focus on care use in early stage, HER2/neu-negative breast cancer. We were limited in our ability to determine whether patients seen for routine surveillance of breast cancer or complications of treatment, because providers might discuss or manage a variety of toxicities without billing for these specific issues. Further, patients might have been seen in clinic for follow-up from a previous hospitalization. In addition, we did not have data on endocrine therapy use, which might affect visit frequency.
Conclusion
The frequency of outpatient office visits after completion of adjuvant chemotherapy for early stage HER2/neu-negative breast cancer survivors varies significantly among treatment regimens, with the highest frequency among those who receive AC-T and TAC. Additional nonclaims-based research is needed to elucidate the drivers of these patterns of health care use to optimize the costeffectiveness of cancer care. Understanding these differences in health care use might elucidate an opportunity for providers to proactively address health care concerns that arise for our patients during the survivorship period.
Clinical Practice Points
Previous studies have shown that there are considerable differences in terms of acute treatment-related toxicity between chemotherapy regimens during the treatment of early stage breast cancer. However, there are limited data regarding outpatient visit utilization among breast cancer survivors after completion of chemotherapy, and how treatment regimen selection might affect later care needs. Among 6247 early breast cancer survivors, those who received combined anthracycline/taxane regimens (AC-T or TAC) had significantly more outpatient visits during the year after completion of treatment, primarily in Medical Oncology, compared with those who received AC or TC. Additionally, a large proportion of patients (40%) did not see a primary care provider during the year after completion of breast cancer treatment. These data are of interest because they suggest that adjuvant chemotherapy regimen selection might significantly affect later health care needs, perhaps at least in part as a result of differences in acute and long-term toxicities between regimens. These data emphasize the need for further research on the drivers of health care use to optimally address the concerns that arise during the survivorship period and to improve the costeffectiveness of cancer care. Abbreviation: XRT ¼ radiation. a Clinical Classifications Software (CCS) category "unclassified" includes diagnosis of estrogen receptor positive status, estrogen receptor negative status, postsurgical absence of breast/nipple, and personal/family history of malignant neoplasm of breast. b "Maintenance chemotherapy/XRT" includes office visits for "encounter for radiotherapy (V58.0)," "encounter for antineoplastic chemotherapy (V58.11)," "encounter for antineoplastic immunotherapy (V58.12)," "convalescence following chemotherapy (V66.2)," "follow-up examination, following radiotherapy (V67.1)," and "follow-up examination, following chemotherapy (V67.2)."
